The attacks on the World Trade Center in 2001 resulted in hazardous environmental exposures of enormous magnitude , bringing about persistent respiratory and psychological problems among survivors. Approximately 40,000 men and women worked at Ground Zero, the former site of the World Trade Center in New York City, and at the Staten Island landfill, the main wreckage depository, in the days, weeks, and months following 9/11. First responders such as firefighters and police, construction workers , and utility and public sector workers were involved. These individuals were at high risk for injury, respiratory complications, and psychological distress from the traumatic event. This article highlights the controversy surrounding 9/11 research and reports, identifies populations at high risk for exposure, and examines the health effects. Occupational health nurses should not only be empowered to provide the best care for workers affiliated with 9/11, but also contribute to research to protect worker health in future disaster responses.
T he attacks on the World Trade Center (WTC) in 2001 created the first acute environmental disaster ever to occur in New York City (Claudio, 2001; Landrigan, 2001 ). An estimated 90,000 liters of jet fuel released chemicals that created a concentrated plume of black smoke containing volatile organic compounds such as benzene , metals, and polycyclic aromatic hydrocarbons. During the collapse of the twin towers, pulverized cement , glass , and building contents generated thousands of chemical particulates dispersed over lower Manhattan and Brooklyn and for miles beyond. Many individuals in the attacks were exposed to a dust cloud containing coarse and fine particulate matter, cement dust, glass fibers, asbestos , lead, hydrochloric acid, polychlorinated biphenyls , and organochlorine ABOUT NO.4 pesticides (Clark et al., 2003; Landrigan et al., 2004; Lioy et al., 2002; McGee et al., 2003) . Because air was not sampled immediately after the disaster, data are not available on the identities and concentrations of the contaminants in the plume following the attacks (Samet , Geyh, & Utell, 2(07) .
The most intense period of exposure was during the collapse and for the 12 hours following, when most of southern Manhattan was surrounded by concentrations of dusts, smoke, and gases (Brackbill et al., 2006) . The collapse caused concentrated chemical exposures to residents, commuters, and rescue personnel (Table I) . Dust and smoke were deposited on the ground and on surfaces of most residential buildings and businesses. Levels of smoke and resuspended material associated with the collapse covered most of lower Manhattan and sections of Brooklyn. Inhabitants of nearby offices, schools, and residential areas were exposed, and much of these materials remained at the site to form Ground Zero, a six-story pile of smoking rubble that burned intermittently for more than 3 months (Brackbill et al.) .
The National Institute of Environmental Health Sci- Note. Reproduced with permission trom Lioy, P.J., Weisel, C. P., Millette, J. R., Eisenreich, S., Val/era, D., Offenberg, J., et al. (2002) Sinai School of Medicine is also providing outreach and exposure assessment. The main goal for the centers is to identify specific environmental toxicants as well as workers and members of the public who have been and may still be exposed as a result of the collapse of the WTC (Landrigan et al., 2004) . This article highlights the environmental issues surrounding 9/11 and discusses ways to treat and protect workers affiliated with 9/11 recovery and reclamation efforts to improve future disaster responses. Additionally, this article explores populations at high risk for exposure, health effects of the disaster and its aftermath, and implications for occupational health nurses.
CONTROVERSY SURROUNDING 9/11 RESEARCH AND ENVIRONMENTAL PROTECTION AGENCY REPORTS
The clinic responsible for overseeing more than 15,000 workers and volunteers, 5,000 other clinics, and 160 the largest and most frequently quoted published study of recovery workers associated with 9/11 has recently faced scrutiny (DePalma & Kovaleski, 2007) . The Irving J. Selikoff Center for Occupational and Environmental Medicine clinic based at Mount Sinai Medical Center was one of the first clinics to manage the initial influx of injured workers immediately following the 9/11 attacks. Much of the recent controversy stems from the physicians declaring at a major press conference that 69% of the 9,442 responders had reported "new or worsened respiratory symptoms." In a report published in Environmental Health Perspectives, a scientific journal of NIEHS, the same physicians stated that 46.5% of the responders reported more serious lower respiratory symptoms, whereas 62.5% reported minor upper respiratory symptoms such as runny noses and itchy eyes (Landrigan et al., 2004) . The physicians combined the two categories of minor and major respiratory problems into one large percentage (69%) in this press conference and were later criticized for misleading the public and press about the nature and scale of the problems (DePalma & Kovaleski). Furthermore, the Selikoff clinic initially did not have adequate resources or time to properly collect detailed health care data on workers exposed to Ground Zero dust. The clinic was largely involved in managing the health concerns of incoming workers and did not begin collecting needed detailed health-related data until April 2002.
Therefore, information such as how long the workers were exposed to the dust, whether they had prior history of pulmonary disease, location of exposure, and whether they wore appropriate respiratory equipment was not available initially. As a result, crucial data that could have been collected immediately after 9/11 were not available for the initial influx of workers. Furthermore, many workers had not seen health care providers regularly before 9/11; therefore, no reliable method was available to confirm when respiratory symptoms and illnesses began (DePalma & Kovaleski, 2007) . Individuals' exposures and the sites at which they breathed the dust remain undetermined and challenging to investigate.
Amidst the controversy surrounding the initial collection of data and reporting of the data from Landrigan et al. (2004) , some conclusions can be reached about the WTC dust and its associated risks. The dust has been described thoroughly, but uncertainty concerning exposure levels and the characteristics of the mixture will remain (Samet et al., 2007) . Some responders who were at the site in the hours and days immediately following the disaster have persistent respiratory abnormalities consistent with airway injury resulting from inhaled particles and gases. Monitoring has been initiated for the group exposed to inhaled carcinogens. Any associated increased risk of respiratory and other cancers may not become apparent for decades (Samet et al.) .
Exposure to 9/11 dust may have been worsened by misleading comments made by the Environmental Protection Agency (EPA). In statements made to the public following 9/11, the White House convinced the EPA to add reassuring statements and delete cautionary ones by having the National Security Council control the EPA's comments. For example, the EPA inspector general, Nikki Tinsley, found that the EPA was persuaded to omit guidance for cleaning indoor spaces and tips on potential health effects from airborne dust containing asbestos, lead, glass fibers, and concrete (Garrett, 2003) . Furthermore, on September 18, the EPA announced that the air was "safe" to breath, but did not have sufficient data and analysis to make the statement. The EPA had not yet adequately monitored air quality for contaminants such as polychlorinated biphenyls, soot, and dioxin (Garrett) . Another deleted draft statement raised concerns about "sensitive populations" such as individuals with underlying respiratory diseases and asthma and the elderly. These false assurances resulted in many workers continuing to work without appropriate respiratory protection. It was not until June 2002 that the EPA determined air quality had returned to pre-9fll levels, well after respiratory conditions surfaced among workers involved in the reclamation of Ground Zero (Garrett) .
HIGH-RISK POPULATIONS
During the time of the attacks, 11,336 firefighters and 2,908 emergency medical service (EMS) workers were employed by the Fire Department of New York (FDNY). During the collapse, 343 FDNY rescue workers died (341 firefighters and 2 paramedics). Within the first 24 hours, 240 FDNY rescue workers (I58 firefighters and 82 EMS APRIL 2008, VOL. 56, NO.4 workers) sought emergency treatment (Cone, Pullium, Thalji, Farfel, & Thomas, 2002) .
The populations identified as having the greatest risk of exposure included first responders (e.g., firefighters, police, and paramedics). Construction workers and volunteers who helped in rescue and recovery efforts, in addition to those clearing the rubble at Ground Zero, were also at high risk for exposure (Landrigan et al., 2004) . Many rescue workers who sought health care were treated and released without admission to a hospital and never required sick leave, so the documented numbers may be underreported (Cone et al., 2002) .
Firefighters of the New York Fire Department knew exactly how many firefighters had been exposed to WTC dust. Mandatory annual checkups provided precise health histories, helping to strengthen the relationship between exposure to WTC dust and health effects. Firefighters were the most heavily exposed population and also suffered the greatest loss of life among all occupational groups.
Firefighters described walking through dense clouds of smoke and dust hours after the attacks, with the air being "thick as soup" (Cone et al., 2002) . Approximately 20.8% received treatment for acute respiratory symptoms from the inhalation of airborne smoke and dust (Prezant et al., 2002; Spadafora, 2002) . Most of those who sought treatment (63%) required emergency care for eye irritation, respiratory tract irritation, and hazardous exposure. During the initial hours after the attacks, a total of 239 (21%) of the firefighters reported using appropriate respiratory protection (i.e., full-or half-face respirators). According to the Centers for Disease Control and Prevention (CDC; , 52% of firefighters studied reported wearing no respiratory protection, and 38% of those arriving later that day wore no respirators. The respirator most commonly used during the first day was the disposable mask; of the studied firefighters present on the first day (either during or following the collapse) who reported wearing a respirator, 58% used the disposable mask. During the initial 2-week period, use of half-face respirators increased, whereas use of disposable masks decreased. In addition, firefighters reporting using respirators might have used them sporadically, resulting in an overestimation of the percentage adequately protected (Cone et al.) .
Hundreds of workers were directly involved in clearing rubble and transporting it off-site. Many of these workers were truck drivers, and no data exist indicating their use of respiratory protection. The Bloomberg School of Public Health at Johns Hopkins University and the Mailman School of Public Health at Columbia University monitored air quality, measured personal exposures, and conducted longitudinal health studies to analyze potential health effects related to exposures. Sixty-nine truck drivers were personally monitored for exposures. Overall, 458 personal and area air samples were collected. The air monitoring began in October 2001 and continued through April 2002 (Landrigan et al., 2004) . Investigators focused their studies on particulate matter, asbestos, and volatile organic compounds, which were monitored both day and night, 7 days per week. The highest concentrations of total dust were found in the debris pile in October 2001 when initial monitoring of the dust contents began. Total dust levels were approximately five times higher in the debris pile than at the perimeter. Overall health effects from this study are summarized later in this article.
TOXICOLOGICAL AND ANIMAL STUDIES
To complement the clinical and epidemiological studies of workers, further toxicologic examinations of WTC dust have been performed (Gavett et aI., 2003) . The risks posed by exposure to airborne particles depend on the doses delivered to the respiratory tract. Particle size is crucial. Particles larger than 5 urn are effectively filtered by impaction in the upper airways, unless concentrations are high (Samet et aI., 2007) . Smaller particles will penetrate the lungs, and nano-sized particles generated by combustion can be deposited throughout the respiratory tract. A biomonitoring study of firefighters suggests they may have received substantial doses of larger particles (Fireman et aI., 2004) . Aspirated samples of the WTC dust contained 2.5-f..Im particles that were discovered to induce a mild to moderate degree of pulmonary inflammation in rodents. The high alkalinity of the WTC dust has contributed to intense respiratory irritability, causing bronchial hyperreactivity, persistent cough, and increased risk of asthma (Landrigan et aI., 2004; Lioy et aI., 2002; McGee et al., 2003) .
The hyperreactivity symptoms may be due to particulate matter damaging the cilia and thus making individuals prone to severe respiratory conditions such as pneumonia. Larger particles, primarily cement dust, were especially alkaline (pH = 9.0 to 11.0). These particles were of a size likely to be caught in the upper airways. Along with inhaled glass fibers, these were most likely responsible for the intense irritation of the nasal passages as well as the chronic debilitating cough in heavily exposed populations (Chen & Thurston, 2002; Scanlon, 2002) .
HEALTH EFFECTS
Workers were exposed to a toxic concoction of chemicals and to extreme psychological trauma; these exposures varied in duration and by location (Landrigan et aI., 2004; Lioy et al., 2002) . Stressors related to the devastating events of 9/11 have caused workers to have flashbacks, panic attacks, and posttraumatic stress disorder (PTSD), preventing many from working (Levin et al., 2002) . A comprehensive screening program drawn from the World Trade Center Health Registry was established to evaluate the physical and mental health of rescue and recovery workers and volunteers. Individuals were eligible for this program if they participated in the WTC rescue or recovery efforts and met specific time criteria for exposure to the site. Continued surveillance will be necessary to assess the long-term psychological impact of the aftermath of the 9/11 attacks and to determine the need for continued treatment.
The diagnosis of PTSD requires both a characteristic pattern of symptoms and impaired functioning or substan-tive clinical distress relative to a qualifying trauma (Kessler, Sonnega, Bromet, Hughes, & Nelson, 1995) . Those who began work on or soon after 9/11, or who worked for longer periods, were more vulnerable to PTSD (Perrin, DiGrande, Thorpe, Farfel, & Brackbill, 2007) . When interviewed in 2003 and 2004, 12.4% likely had PTSD. For all occupations except police, the risk of PTSD was greatest among those who worked at the site for more than 3 months. Overall, firefighters had a greater risk of PTSD (12.2%, vs. 6.2% of police officers). The prevalence of PTSD in the U.S. population is approximately 4% at any given time (Perrin et aI.) . Workers from non-emergency occupations such as construction, engineering, and sanitation also had particularly high rates of PTSD. It is unlikely that such workers would have received disaster preparedness training or experienced previous emergencies, both of which can buffer psychological trauma (Perrin et aI.) . This finding suggests that shortening work periods, and limiting exposure among those who have less prior exposure to trauma, may reduce PTSD rates in future emergencies (Perrin et aI.) .
Continuing health evaluation of 10,116 firefighters was conducted during the 6 months after the attacks (Prezant et aI., 2002) . Persistent cough accompanied by other respiratory symptoms, known as "World Trade Center cough," was severe enough to require at least 4 weeks' leave of absence (Chen & Thurston, 2002; Scanlon, 2002) . World Trade Center cough was related to the intensity of smoke exposure and occurred in 8% of 1,636 firefighters with a high level of exposure, in 187 (3%) of 6,958 with moderate exposure, and in 17 (1%) of 1,320 with lowlevel exposure. Among those firefighters without World Trade Center cough, bronchial hyperreactivity was found in 77 (23%) of those with a high level of exposure and in 26 (8%) of those with moderate exposure (Prezant et aI.) . In addition, induced sputum analysis demonstrated increases in sputum particulate matter levels including increased neutrophil and eosinophil counts among firefighters. These health effects were related to the levels of exposure to WTC dust and combustion products and the levels of polycyclic aromatic hydrocarbons in the bodies of firefighters (Edelman et aI., 2003) .
The team at Mount Sinai initiated the WTC Worker and Volunteer Medical Screening Program, supported by the National Institute for Occupational Safety and Health (NIOSH), to prospectively follow more than 10,000 workers for long-term effects (Levin et aI., 2002) . Many hundreds of workers directly involved in clearing the dust and rubble and transporting it off-site for several months after 9/11 were included. Almost one third experienced a chronic cough that began shortly after employment at the site. Health data from this study of rubble removal workers reinforced that those who worked at Ground Zero for many months had sustained clinically significant exposures to airborne irritants, causing symptoms consistent with upper and lower airway inflammation (Levin et aI.) .
To assess the prevalence of respiratory symptoms and lung dysfunction, a cross-sectional clinical and epidemiological study was conducted in 2001 using a con-venience sampling strategy to recruit workers on-site. Spirometric measurements were gathered by two qualified pulmonary function technicians. Among 183 workers surveyed, 32.8% reported experiencing cough that began after the start of employment at the WTC site, approximately 24% reported new onset of phlegm production, and 17.5% reported new onset of wheeze. Approximately half of the workers reported they had experienced at least one new symptom since they began working at the WTC site (Levin et al., 2002) .
Non-respiratory problems after 9/11 were less common than respiratory problems. The prevalences of only two new or worsening non-respiratory symptoms exceeded 20%: heartburn, indigestion, or reflux (23.9%) and severe headaches (21.0%) (Brackbill et al., 2006) . Hypertension was the most frequently reported new diagnosis of a non-respiratory condition among survivors (4.9%), followed by cancer or malignancy of any kind (1.4%) and diabetes (1.1 %) (Brackbill et al.) .
In addition, newly diagnosed conditions are more prevalent among survivors exposed to dust and debris clouds, reinforcing the danger of the chemicals these clouds contained (Brackbill et al., 2006) . In terms of psychological distress, presence in the dust and debris cloud had the strongest association with self-reported depression, anxiety, or emotional problems. Nearly 65% of survivors reported experiencing new onset of depression, anxiety, or emotional problems after 9/11 (Brackbill et al.) . Furthermore, the greatest future risk of mesothelioma appears to exist among first responders, other workers employed directly at Ground Zero, and workers employed in cleaning asbestos-laden dust from contaminated buildings (Landrigan et al., 2004) .
IMPLICATIONS FOR OCCUPATIONAL HEALTH NURSES
Occupational health nurses have an obligation to provide the best care to workers. To do so, they must be knowledgeable about how to provide prompt, quality care to workers. When taking occupational health histories, nurses must discover workers' involvement in the attacks (i.e., whether they were first responders or reclamation workers, their home location, and the estimated duration of their exposures). Nurses should also be aware that workers may still have disaster-related stress and should help them alleviate that by providing education and emotional support. Occupational health nurses may also refer workers to employee assistance programs and other appropriate mental health care providers for further management of their symptoms.
Information pamphlets or handouts may be designed by nurses to describe the signs and symptoms of respiratory illness for survivors. Nurses may also provide education to workers on currently predicted future risks, including mesothelioma caused by asbestos exposure among workers and volunteers employed in cleaning asbestos-laden dust from buildings in the months following the attacks (Landrigan et al., 2004; Samet et al., 2007) . Workers can be more cognizant of their health as a result of receiving this information. They should be encouraged APRIL 2008, VOL. 56, NO.4 Brackbill at al. (2006) .
to visit their health care providers if they experience any of these symptoms. Knowledge of typical WTC symptoms enables advanced practice occupational health nurses to promptly establish appropriate treatment for survivors. Nurses should also be aware of the list of new or worsening symptoms after 9111 (Table 2) . Nurses should thoroughly document such symptoms among 9/11 workers, as notes may prove useful for future research. Advanced practice occupational health nurses may suggest treatment including managing hyperresponsiveness and asthma with corticosteroids and pneumonia with antibiotics.
Nurses should also be aware of potential emotional stress among recovery workers related to eligibility for workers' compensation. Many workers were prevented from receiving compensation because they became sick after the 2-year deadline necessary for filing a claim. Those who previously filed a claim for 9/11 workers' compensation and were denied because it was past the 2-year deadline in accordance with New York law were then given the opportunity to register and file a new claim under the new law (www.nycosh.org/91linfo/ instructions_english.htrnl). However, the deadline for filing a claim was only extended to August 14, 2007. Many workers and volunteers who served New York City will need continuing health surveillance and care. The federal September 11 th Victim Compensation Fund previously paid more than $7 billion in public compensation to the families of those who died in the WTC attacks and to injured survivors (Feinberg, 2006) . Of this, $500 million went to more than 1,300 recovery workers and others suffering from respiratory injuries. Since the closing of the September 11th Victim Compensation Fund, approximately 6,000 individuals have filed lawsuits against New York City, the Port Authority, and more than 100 private contractors for negligence in exposing workers to toxic dust after the collapse of the WTC (Feinberg). These lawsuits resulted from workers' not being diagnosed with 9/1 I-related injuries until after the fund's 
Health Effects Following 9/11
Implications for Occupational Health Nurses 1 The attacks of 9/11 resulted in hazardous environmental exposures that brought about persistent respiratory and psychological problems among survivors. Volunteers, firefighters, police, construction workers, and utility and public sector workers were at high risk for exposure.
2 Advanced occupational health nurses are in an ideal position to promptly establish appropriate treatment for survivors with new or worsening respiratory symptoms. Nurses may lobby Congress to approve federal funding for those affected with WorldTrade Center-related illness.
3 A precautionary approach should be taken in handling future worker responses to environmental disasters. The health effects survivors experienced would have been s ignificantly reduced if response teams had been better educated about the potential for health effects related to improper personal protective equipment use. Nurses may develop guidelines for appropriate personal protective equipment ensembles for long-term disaster responses involving rubble and other respiratory threats.
filing deadline, making them ineligible for compensation. The federal judge presiding over the lawsuits urged settlement, as litigation is expensive and risky for all parties. Furthermore, the existence of thousands of lawsuits fuels uncertainty and delays the payment of compensation to eligible victims (Feinberg) .
Recently, the New York legislature passed a law extending the period to file workers ' compensation claims for 9/ II-related illnesses to August 13,2008 (World Trade Center Medical Monitoring and Treatment Program, www.wtcexams.org/index.html ) . Workers must register with the New York State Workers' Compensation Board by the deadline (World Trade Center Medical Monitoring and Treatment Program ). To continue reopening the September 11th Victim Compensation Fund past the current deadline, nurses may lobby Congress to approve federal funding for those affected with WTC-related illness. Specifically, nurses may advocate for the James Zadroga 9111 Health and Compensation Act (http ://maloney. house .gov/documents/911 recoveryl20070322_HR 1638_ summary.pdf) to provide the federal funding needed to care for those who are ill or may become ill (New York City Fire Department [NYCFD] , 2(07). This act recognizes that worker injuries and illnesses may be slow to emerge and this should not disqualify workers from financial compensation. The bill would continue research to better understand the health impacts of the attacks, and would reopen the September 11th Victim Compensation Fund to help those who continue to struggle after 9111 (NYCFD). Occupational health nurses should support these workers to prevent further psychological distress.
Only with time will the long-term health effects of this disaster be fully examined; however, in the meantime, nurses can advocate for a precautionary approach in handling workers' response s to environmental disasters . For instance, nurses may develop guidelines for appropriate personal protective equipment ensembles for longterm disaster responses involving rubble and other respiratory threats . The health effects survivors experienced would have been significantly reduced if response teams had been better educated about the potential for adverse health effects and the need for personal protective equipment.
Occupational health nurses may educate future response teams about the importance of personal protective equipment by citing the health effects that occurred as a result of 9/ II . Occupational health nurses are in an ideal position to not only provide the best care to 9111 survivors. but also improve the health outcomes of all disaster response workers.
Although ongoing surveillance of survivors will be key to understanding exposures and health effects of 9111 , diligent note taking by nurses is also crucial to linking exposures to health outcomes. By asking appropriate questions, identifying high-risk populations, and documenting workers' exposures and symptoms, nurses will make major contributions to future research about 9111 survivors.
Because continued research on 9111 survivors is needed to understand how to protect worker health in future disasters, nurses should encourage employees to participate in the World Trade Center Medical Monitoring and Treatment Program (www.wtcexams.org/index. html). This program provide s ongoing monitoring and treatment for eligible workers and volunteers who were involved in the rescue, recovery, and restoration activities following the attacks on the WTC (NIOSH, 2(07). Health care services are provided by a network of clinics specializing in the diagnosis and treatment of WTCrelated health conditions. If workers are already in a monitoring program , they are automatically eligible for treatment services. Workers must return for regularly scheduled monitoring examinations every 18 months. If they are not enrolled in the program , they may be eligible if they are working for the FDNY. The website www.wtc exams.org/contactus.html provide s additional information. When workers contact the clin ic, common questions address when and where they worked at Ground Zero and the specific work they did. After employees are deemed eligible. they receive information about the network of clinics from which they can choose to make an appointment for an examination (NIOSH).
With well-informed occupational health nurses intervening in the best interest of 9111 survivors. researchers may develop a better picture of the physical and men-tal health status of this population. Occupational health nurses can increase understanding of the mistakes made during the 9/11 disaster response so that they are not repeated in future disasters. Occupational health nurses should be empowered to contribute to the best care for 9/11 survivors and to future research in emergency preparedness and response planning.
Health Effects Following 9/11 : Implications for Occupational Health Nurses
This issue of the AAOHN JOURNAL contains a Continuing Nursing Education Module on "Health Effects Following 9/11: Implications for Occupational Health Nurses." 1.0 contact hour of continuing nursing education credit will be awarded by AAOHN upon successful completion of the posttest and evaluation.
A certificate will be awarded and the scored test will be returned when the following requirements are met by the participant: (1) The completed answer sheet is received at AAOHN on or before March 31, 2009 ; (2) A score of 70% (7 correct answers) is achieved by the participant; (3) The answer sheet is accompanied by a $10 .00 online or $15.00 processing fee. Expect up to 6 weeks for delivery of the certificate.
Upon completion of this lesson , the occupational health nurse will be able to:
1. Identify the occupations at risk for exposure to 9/11 pollution .
2. Describe the potential health effects of 9/11 pollution.
3. Describe the role of occupational health nurses in basic prevention and control methods following environmental exposures.
AAOHN is accredited as a provider of continuing nursing education by the American Nurses Credentialing Center's Commission on Accreditation.
AAOHN is additionally approved as a provider by the California Board of Registered Nursing (#CEP9283) and the Louisiana State Board of Nursing (#LSBN3).
Contact hour credits received for successful completion of the postlest and evaluation may be used for relicensure, certification , or re-certification.
